Introduction 25
Coastal and marine environments are highly valued for the range of recreational and 26 tourism opportunities they provide to visitors (James, 2000) . Marine protected areas 27 (generally referred to as marine parks in Australia) are often focal points for people 28 taking advantage of these opportunities as they are generally created in areas with 29 unique biological or geomorphological features (Gurran et al., 2007) , and can be easily 30 accessible from the shore. Ningaloo Marine Park in north-western Australia ( Deciding on the dimensions of spatial units for aggregating activities which take place 195 along the coastal strip can be complex as the coastline may be convoluted (Vafeidis et 196 al., 2004) and is constantly shifting due to tidal effects (Tolvanen and Kalliola, 2008) . 197
Data points were aggregated into 3 km long coastal segments which extended 0.5 km 198 inland and 0.5 km seaward of the mean high water mark. The horizontal boundaries of 199 these segments corresponded to 9 km 2 grid cells. Although group size was 200 underdetermined for less than 1% of observations of shore activity, it was not possible 201 to distinguish separate groups of people at beaches with known high densities off 202 visitors. A total count of people participating in specific recreational activities at these 203 beaches was therefore linked to a central geo-referenced location (Fig. 1) . Shore activity 204 along the entire coast was displayed using number of people, as an observation could 205 represent >50 people. 206
207
Effects of temporal factors on levels of recreational activity were investigated using 208 analysis of variance (ANOVA). Data were tested for assumptions of normality and 209 homogeneity and, if violated, were transformed or equivalent non-parametric tests were 210 utilised. Multivariate analysis was also undertaken using PRIMER (Clarke and 211 Warwick, 2001 ) to determine the significance, if any, of specific recreational activities 212 in the temporal distribution of observed vessels and people on the shore. Data were 213 standardised across samples to correct for differences in absolute abundances and 214 square root transformed to adjust for the effect of dominant activity types. A Bray-215
Curtis similarity measure was used to create a data matrix on which analyses were 216 performed. Analysis of similarity (ANOSIM) was able to detect statistical differences 217 between temporal factors while similarity percentages (SIMPER) determined the 218 specific recreational activities responsible for such differences (Clarke, 1993) . 219 ANOSIM generates values of R which fall between -1 and +1 (with a value of zero 220 representing no difference between samples) as well as an associated ρ value which 221 indicates significance at 0.05 level. 222 223
3.
Results 224
Boat-based activities 225
A total of 2 906 aerial observations of boat activity was recorded, and significantly 226 higher counts were obtained on later northbound flights (10 am -12 noon) when 227 compared to earlier southbound (8 am -10 am) flights (F (1, 66) =15.88, ρ<0.05) (Fig. 2a) . 228
Boat-based activity was also distributed in 4.2% more grid cells during northbound 229 flights. Higher numbers of vessels were present in peak months (April -October) for 230 both flight directions (F (1, 66) =33.42, ρ<0.05) while significant differences in number of 231 boats and composition of recreational activities were also revealed (ANOSIM, R=0.26, 232 ρ<0.05). However, further investigation using SIMPER could not identify specific 233 activities responsible for these differences, although a large number of motoring 234 (transiting) vessels were observed on southbound flights throughout the year. Based on 235 the greater spatial extent and greater number of observations during the later northbound 236 flights, these were selected for further analysis. 237
Boat-based activity occurred at highest levels inside the lagoon (54.7%) with 29.6% 239 outside and the remaining 15.7% adjacent to parts of the coast with no fringing reef 240 crest (in the northern-and southern-most extent of the Marine Park). Tinnies (small 241 aluminium vessels) (26.8%), open boats >5 m in length (20.3%) and charter vessels 242 (16.5%) were the dominant boat types (Fig. 3) . The largest boats (charter vessels and 243 open boats >5 m in length) were in greatest numbers outside the lagoon whereas the 244 smaller motorised vessels (comprising tinnies and tenders) and non-motorised vessels 245 such as kayaks, kitesurfers and windsurfers, were found almost exclusively inside the 246 lagoon. 247
248
Recreational activity from boats was concentrated adjacent to the coast and inside the 249 lagoon environment in all seasons ( Fig. 4a-d could not clearly identify a specific activity which characterised these differences, with 267 many types recorded during both flight directions. Northbound flight data were selected 268 for further analysis based on the greater number of people observed and for consistency 269 with analysis of boating activity. 270
271
Expansion of recreational activity along the shore, and increased densities of people, 272 can be clearly identified in peak months (April -October), when compared to off peak 273 months ( Fig. 5Fig. a-l) . However, activity was observed year-round in some 3 km 274 segments along the northern extent of the Marine Park. Conversely, no shore-based 275 recreation was observed near Jane Bay and Cape Farquhar, located further to the south. 276
Coastal segments with a mean number of people <1.0 had standard errors greater than 277 their mean, indicating high levels of variability in observations. 278
279
In addition to counts of people, 7 696 observations of camps, boat trailers and vehicles 280 as well as boats that were not being used for recreation at the time of observation (i.e. 281 on moorings, anchored, in marina pens or on the beach) were also made. Counts of 282 vehicles and boat trailers showed significant differences between the two flight times, 283 with higher mean counts on later northbound flights than earlier southbound flights 284 (Table 2) . Boats being launched were rarely observed, as the plane was travelling at 285 high speed, thereby reducing the likelihood of capturing this activity. The observed 286 number of anchored vessels was also low as people generally leave small vessels drawn 287 up on the beach. 288
289
Vehicles were recorded along the coast all year-round, especially in the northern extent 290
of Ningaloo where there are many coastal carparks from which people can walk to the 291 beach (Fig. 6a) . However, the vehicles were observed in double the number of coastal 292 segments during peak months when compared to off peak months. Coastal segments 293 with a mean of <5.0 vehicles had standard errors greater than their mean, indicating 294 high levels of variability in observations, a pattern also found for number of camps, boat 295 trailers and boats on the beach. 296
297
Camps were distributed over a greater number of coastal segments in peak periods (Fig.  298 6b). However, relatively high densities of camps were also observed in off-peak 299 months. The finite number of camps in Cape Range National Park allowed for 300 occupancy to be calculated, unlike for the majority of coastal camping areas further to 301 the south, with undesignated sites and no appointed maximum capacity. The National 302
Park had a mean occupancy >80% for June -September, while the remaining peak 303 months had a mean >50%. Mean occupancy dropped to <15% for all off peak months 304 (November -March). Camps in the towns of Coral Bay and Exmouth were not recorded 305 as they were located within caravan parks containing overhanging trees, rendering it 306 impossible to accurately survey these sites from the air.6c). Highest numbers were obtained in peak months within parking areas associated 310 with constructed boat ramps at Tantabiddi and Exmouth. During most of the study 311 period, trailers associated with boats launched off the beach in Coral Bay were required 312 to be parked in the caravan parks so could not be accurately counted. A new boat 313 launching facility was opened in late 2007 and subsequent to this, the associated boat 314 trailers were counted. 315
316
Boats on the beach comprised those vessels not being used for recreation at the time of 317 observation. These generally consisted of tinnies that were pulled up on the beach 318 adjacent to coastal camping areas and also charter boats at Coral Bay ( Fig. 6Fig. 
d). 319
Boats on the beach were recorded at more coastal segments in peak months, with the 320 highest numbers adjacent to coastal camping areas (e.g. Lefroy Bay and 14 Mile). 321 322
Spatial accuracy 323
Known landmarks, which had previously been geo-referenced via land-based surveys, 324
were used for 22% of data points, and therefore had no sampling error. Horizontal 325 positional error (extracted from the GPS) and sampling error associated with the 326 remaining data points was 6.1 m (SD=6.4) for each vessel and 4.3 m (SD=2.4 m) for 327 each group observed on the shore. These errors were different for boat and shore-based 328 activities as the co-ordinates were computed using different distance estimation 329 techniques. Markers on the wing struts were calibrated to a maximum distance of 1 500beyond this distance, thereby being exposed to greater error, which was difficult to 332 quantify. 333
4.
Discussion 335
Effectiveness of aerial flights for quantifying recreational activity 336
Aerial surveys were an effective technique for obtaining data on recreational use 337 occurring from boats or the shore throughout the entire extent of Ningaloo Marine Park. or at localised sites of a marine park which can be used to identify future infrastructureusing months, seasons and peak/off-peak periods to display patterns of recreational use 355 which can be adjusted to meet management needs. A within-week comparison may also 356 be beneficial, especially in areas adjacent to large population centres where it would be 357 expected that use on weekends would be higher than on weekdays, as shown in 358 populous parts of California (Dwight et al., 2007) and Spain (Roca and Villares, 2008) . 359
In this study, stratification by day type was not incorporated into the survey design due 360 to the small permanent population residing within 50 km of the Marine Park (~2 000 361 people). 
